In the living and working environment, stressful factors, such as noise, can cause health problems including cardiovascular diseases and noise-induced hearing loss. Some heat shock proteins (Hsps) play an important role in protecting cardiac cells against ischemic injury, and antibodies against these Hsps are associated with the development and prognosis of atherogenesis, coronary heart disease, and hypertension. Whether the presence of such antibodies is associated with abnormal electrocardiography (ECG) in stressed autoworkers exposed to chronic noise is presently unknown. Therefore, we investigated the association between the levels of plasma anti-Hsp60 and anti-Hsp70 with electrocardiograph abnormality in 396 autoworkers exposed to different noise levels by using Western blot, ECG, and multivariate logistic regression analysis. The results showed that the increase in levels of anti-Hsp70 was associated with a higher risk of ECG abnormalities characteristic of chronic myocardial ischemia (P Ͻ 0.05), conductive abnormality (P Ͻ 0.01), or heart displacement (P Ͻ 0.05); in contrast, elevated anti-Hsp60 was related to ECG abnormalities characteristic of sinus arrhythmia, chronic myocardial ischemia, and ectopic rhythm (P Ͻ 0.01 for all). Overall, high levels of both anti-Hsp70 and anti-Hsp60 were associated with significantly increased risk of ECG abnormalities (odds ratio [OR] ϭ 1.73 and 95% confidence interval [CI] ϭ 1.04-2.86 for anti-Hsp70 and OR ϭ 1.36 and 95% CI ϭ 1.07-1.72 for anti-Hsp60) with and without adjustment for cumulative noise exposure (OR ϭ 1.96 and 95% CI ϭ 1.20-3.21 for anti-Hsp70 and OR ϭ 3.93 and 95% CI ϭ 1.72-8.92 for anti-Hsp60). These findings suggest that the production of both anti-Hsp70 and anti-Hsp60 may be independent risk factors for the development and progression of abnormal ECG and therefore possibly cardiovascular diseases in autoworkers exposed to occupational noise.
INTRODUCTION
Stress response in humans can be induced by various environmental factors, including noise, high temperature, and viral infection (Benjamin and McMillan 1998; Falkowska- In response to stress, heat shock proteins (Hsps) fulfill a variety of physiological functions, including assisting in intracellular assembly, disassembly, stabilization, and internal transport of intracellular proteins to maintain normal structure and function of the cell. In addition to their functions as molecular chaperones, Hsps can protect organisms against certain diseases (Xu et al 1993; Rassow et al 1995; Hartl 1996; Xu and Wick 1996; Benjamin and McMillan 1998; Snoeckx et al 2001; Pockley 2002; Jin et al 2004; Mandal et al 2004; Sreedhar and Csermely 2004; Xiao et al 2004) . For instance, humoral immune responses to Hsps were found in patients with some autoimmune diseases, although the antibody titers against Hsps were variable among the patients (Zugel and Kaufmann 1999a) . Antibodies against Hsps have also been reported in individuals with hypertension and atherosclerosis (Benjamin and McMillan 1998; Wu et al 2001; Pockley et al 2003) . In healthy individuals, anti-Hsps were occasionally detectable as well (Zugel and Kaufmann 1999b) , which is not surprising in that Hsps are ubiquitous in living organisms (Schett et al 1995; Shingai et al 1995; Wu et al 1998 Wu et al , 2001 Pockley 2002; Xu 2002; Xiao et al 2004) . However, it is unknown whether the presence of anti-Hsp antibodies plays any role in the development and progression of these diseases. Antibodies might serve as carriers for Hsps that deliver immunogenic peptides to antigen presenting cells for subsequent presentation to T cells or activate cells of the innate immune system. (Feige and van Eden 1996; Multhoff et al 1998; Multhoff 2002; Asea 2003) . Therefore, the levels of anti-Hsps might be of clinical significance in the diagnosis and pathogenesis of certain atherosclerotic vascular diseases (Xu et al 1993; Kaufmann and Schoel 1994; Schett et al 1995; Hoppichler et al 1996; Pockley et al 2000; Pockley 2002; Xu 2002; Bason et al 2003) .
Electrocardiography (ECG) is one of the clinical characteristics used for diagnosis of cardiovascular diseases, and specific changes of ECG patterns have emerged as markers for different stages of these diseases (Nakayasu et al 2004; Okin et al 2004) . Moreover, enhanced levels of anti-Hsps become detectable in individuals with some cardiovascular diseases, such as atherosclerosis, coronary heart disease, and borderline hypertension (Rauch et al 1995; Pockley et al 2000; Mandal et al 2004) . Over the past years, several studies have suggested that Hsps and antiHsps are likely related to cardiovascular events (Veres et al 2002; Pockley 2003) .
In a recent study, we reported that the presence of antiHsp60 and anti-Hsp70 was linked to NIHL in Chinese automobile workers (Yang et al 2004) . However, it remained unknown whether occupational noise exposure might cause abnormal ECG and whether anti-Hsps levels might be markers for ECG abnormalities in stressed workers. These may be important for early detection and prevention of cardiovascular diseases in the workers. Therefore, the aims of this study were to (1) explore a possible link between exposure level of occupational noise in the workplaces, the appearances of plasma antiHsp60 or anti-Hsp70, and abnormal ECG and (2) establish the association between enhanced anti-Hsp60 and anti-Hsp70 levels and abnormal ECG, which may serve as a biomarker for detection of early stages of cardiovascular diseases among exposed workers.
MATERIALS AND METHODS

Study subjects
A total of 396 autoworkers (269 men and 127 women) at the Dongfeng Motor Co (Shiyan, Hubei, People's Republic of China), who had been employed for at least 1 year, were included in this study. These subjects had a history of exposure only to occupational noise for at least 1 year but without exposure to other harmful factors, such as high temperature (greater than 32ЊC) or known toxicants (eg, organic solvent or polycyclic aromatic hydrocarbons) in workplaces (see Yang et al 2004) . They had no history of fever or common infections such as influenza, diarrhea, pneumonia, or hepatitis within 1 month before medical examination because these infections may cause stress response due to inflammation. Furthermore, these subjects did not use any hearing protectors, such as earmuffs or disposable earplugs. The mean age of all subjects was 34.1 (SD ϭ 7.0) years. The average employment time was 11.3 (SD ϭ 7.4) years. The subjects were divided into control and exposed groups according to the level of occupational noise exposure, ie, the control group included 181 subjects who had been exposed to an occupational noise level of less than 85 dB (A) and the exposed group included 215 subjects who had been exposed to levels equal or greater than 85 dB (A). After having obtained informed consent, standardized occupational questionnaires were administered to collect occupational history from the subjects at the time of medical examination and to obtain information on employment history, tobacco smoking, and alcohol intake as well as medical and personal history. This study was approved by the Ethics and Human Subject Committee of Tongji Medical College.
Environmental noise monitoring
Noise exposure level at the selected workplaces was assessed with a sound pressure audiometer (BK-2231, Brü el and Kjaer Company, Naerum, Denmark) at 10 AM, 3 PM, and 5 PM for 3 consecutive days, twice per year, according to the Chinese national criterion for noise in workplace (Liu and Cai 1995) . To evaluate the actual noise exposure level of the worker, cumulative noise exposure (CNE) was calculated, based on the database of a 20-year noise exposure, according to monitoring data on A SPL and employment time calculated as follows: Exp c ϭ Leq ϩ 16.61 ϫ log 10 (T/T 0 ), dB (A) (Talbott et al 1999) , where Exp c is the CNE level; Leq, the time-weighted average exposed SPL A; T, the total adjusted time worked (in years); and T 0 , year 1.
Electrocardiography
Examinations of cardiac function of all workers were performed by experienced industrial physicians, and the ECG (ECG-6501, Nihon Kohden Corp, Tokyo, Japan) was recorded at the Institute of Occupational Medicine, Dongfeng Co, in a room that was away from the noisy workplace. Thereafter, according to the diagnosis standards of ECG (Jiang et al 2001) , the subjects were classified into groups with normal or abnormal ECG. The normal group had no detectable abnormal changes of ECG, whereas the abnormal group had ECGs characteristic of sinus arrhythmia, left ventricular hypertrophy, chronic myocardial ischemia, conductive abnormality, ectopic rhythm, and others (Jiang and Song 2001) . The diagnosis of the abnormal ECGs excludes other possible causes, such as tiredness or depression (or both), which may have contributed to ECG abnormalities in apparently healthy individuals.
Blood glucose and serum lipid and lipoprotein
To evaluate other risk factors of cardiovascular diseases, blood glucose levels were determined using glucose oxidation enzyme analysis (Chen 1997) , and serum total cholesterol, serum triglycerides, and low-density lipoprotein cholesterol were determined using the methods described by Suen (1997) . All these methods were the standard methods used in hospitals as recommended by the Chinese Medical Association (Chen 1997; Yan 2003) , which is part of regular clinical evaluation of cardiovascular diseases.
Anti-Hsp60 and anti-Hsp70 levels
To detect the titers of anti-Hsp60 and anti-Hsp70, venous blood was collected, and the plasma of each sample was separated. Both recombinant human Hsp60 and Hsp70 were obtained with the expression of human complementary DNA coding and inducible Hsp70 in NaCl-induced Escherichia coli GJ1168 cells using pET30 as the expression vector . The titers of antiHsp60 and anti-Hsp70 were determined by Western immunoblotting following the method described previously (Wu et al 1998; Yang et al 2004) . In brief, the recombinant Hsp60 or Hsp70 was separated on polyacrylamide gel electrophoresis, transferred to nitrocellulose membranes, and small membrane pieces (2 ϫ 2 mm) containing Hsp60 and Hsp70 were incubated with plasma (diluted to 1:10) and the presence of anti-Hsp60 or anti-Hsp70 revealed using 3,3-diaminobenzidine tetrahydrochloride. The brown band present on the nitrocellulose strip was regarded as positive and no color band as negative (Wu et al 1998 (Wu et al , 2001 ). The positive samples at a dilution of 1: 10 were then diluted to 1:20, 1:40, and 1:80 to obtain final titer levels of the anti-Hsp60 and anti-Hsp70.
Statistic analysis
The clinical and laboratory measurements were built into a computerized database. Further statistic analysis of the data was carried out using the statistic analysis software (SAS 8.1) package. The Student's t-test and chisquare test were used for comparisons between various continuous and categorical variables, respectively. Cochran-Mantel-Haenszel Statistics test was used to assess the correlations between these variables. Crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were estimated in logistic regression models to measure the strength of association, ie, the probability of the occurrence of abnormal ECG given the exposure to noise or presence of the anti-Hsps. Statistical trends were tested in either general linear regression models or in logistic regression models. Both univariate and multivariate logistic regression models were fitted to estimate the associations. Statistic differences were based on the significance level of P Ͻ 0.05.
RESULTS
Selected characteristics of the subjects with and without exposure to noise
In this study, the noise exposure at a total of 55 workplaces was measured, of which 20 were considered nonhazardous occupational exposure spots (where the subjects in the control group worked) and 35 occupational noise exposure spots (where the subjects in the exposure group worked). The noise levels ranged between 65.0 and 74.7 dB (A) for the control spots and between 85.50 and 99.30 dB (A) for the exposure spots. As shown in Table  1 , there was no difference in the distributions of sex, smoking, and tea drinking, nor any difference in height, weight, body mass index, history of cardiovascular disease, and the level of plasma anti-Hsp60 between the control group and the exposed group. However, compared with the control group, the exposed group was older (P Ͻ 0.01) and more likely to drink alcohol (P Ͻ 0.05), had a lower mean education level (P Ͻ 0.01) but a higher (2), junior high school (3), senior high school (4), junior college and higher (5). e Positive rates at different dilutions, which was calculated as: (no. of subjects positive for the test/all subjects tested) ϫ 100%.
mean LeqA level (P Ͻ 0.01) and CNE level (P Ͻ 0.01) and higher detectable level of anti-Hsp70 (P Ͻ 0.05 for titers up to 1:40), as we previously reported (Yang et al 2004) . More importantly, a greater percentage of the exposed group (34.1%) had abnormal ECG than the control group (18.2%) (P Ͻ 0.01) ( Table 1 ).
CNE and ECG abnormality
Next, subjects were divided into normal (n ϭ 290) and abnormal ECG groups (n ϭ 106) on the basis of the outcomes of their ECG examinations. General and medical characteristics of the subjects by ECG status are summarized in Table 2 . The 2 groups did not differ in most of the characteristics including frequencies of cigarette smoking and alcohol and tea drinking, levels of blood glucose and total cholesterol and glycerol trioleate, proportion of hypertension, and family history of cardiovascular diseases, although the values of these characteristics were higher in the abnormal ECG group than in the normal ECG group. However, the abnormal ECG group had been exposed to a significantly higher level of CNE (94.9 Ϯ 8.4 dB (A)·year) than the normal ECG group (91.2 Ϯ 8.5 dB (A)·year) (P Ͻ 0.01) ( Table 2) . 
Anti-Hsp70 and anti-Hsp60 electrocardiograph abnormality type
Of all subjects, 26.8% (106 of 396) presented enhanced anti-Hsp70 and 10.1% (40 of 396) enhanced anti-Hsp60 (Table 3 ). The percentages of subjects with enhanced levels of anti-Hsp70 were significantly higher in the abnormal ECG group (37.7%, 40 of 106) than in the normal ECG one (22.8%, 66 of 290). Similar findings were observed for anti-Hsp60 (13.2%, 14 of 106 in the abnormal ECG group and 4.1%, 12 of 290 in the normal ECG group) (P Ͻ 0.01). Although the incidences of positive antiHsp70 and anti-Hsp60 in the abnormal ECG groups tended to be higher than in the normal ECG group, only the subgroups of chronic myocardial ischemia, conductive abnormality, and other conditions (such as heart displacement, electrical axis deviation) were found to have significantly higher rates of positive anti-Hsp70 than that of the normal ECG group. Moreover, the positive rates of anti-Hsp60 were significantly higher in subgroups of sinus arrhythmia, chronic myocardial ischemia, and ectopic rhythm than that of the normal ECG group (P Ͻ 0.05 or P Ͻ 0.01). Although both anti-Hsp60 and anti-Hsp70 were associated with abnormal ECG in both univariate analysis and multivariate analysis, only anti-Hsp70 was independent of CNE.
Risk factors for ECG abnormality
Several potential confounders for ECG abnormality are listed in Table 4 . The results showed that positive antiHsp70, daily sleep time, and CNE were associated with risk of ECG abnormalities. After adjustment for each other by including these factors in the same multivariate logistic model with or without CNE, those subjects who had enhanced anti-Hsp70 had 1.73-fold (95% CI ϭ 1.04-2.86) or 1.96-fold (95% CI ϭ 1.20-3.21) increased risk compared with subjects negative for anti-Hsp70 (Table 4) , suggesting that the association between the levels of en- hanced anti-Hsp70 and ECG abnormality may be independent of CNE. Similarly, after adjustment for the same factors in the same manner as described above, subjects with enhanced anti-Hsp60 had 1.36-fold (95% CI ϭ 1.07-1.72) or 3.93-fold (95% CI ϭ 1.719-8.922) increased risk compared with subjects negative for anti-Hsp60 (Table 5 ), suggesting that the association between the levels of enhanced anti-Hsp60 and ECG abnormality may be independent but likely confounded by CNE.
DISCUSSION
The effects of noise exposure are both auditory and nonauditory. The auditory effects are physiological, including hearing loss and interference with communications. The nonauditory effects include a variety of chronic health problems, such as sleeping problems, fatigue, and cardiovascular, autonomic, gastric and nervous disorders. Although the nonauditory effect of noise on health is generally quite weak (Borchgrevink 2003) , the health effects depend on either level or length of occupational noise exposure, and the effect of long-time noise exposure on an individual's health is of particular concern. In this study, we found that the levels of both enhanced levels of anti-Hsp70 and anti-Hsp60 appeared to be associated with ECG abnormalities in the noise-exposed workers, but the association of anti-Hsp70 with ECG abnormalities seemed to be independent of CNE. Numerous previous studies reported that Hsps can be induced in all organisms by various physiological stresses (eg, hyperthermia, hemodynamics, mutant proteins, and oxidative injury) and environmental stresses (high temperature, noise, xenobiotics). Some of these factors may produce multiple changes that ultimately affect protein structure and functions in living cells (Benjamin and McMillan 1998; Sreedhar and Csermely 2004) . Hsps can confer cytoprotection against a number of stresses (Hightower 1991) . However, when Hsps are expressed at elevated levels, they may become a target of immune responses (Xu et al 1999) . In this study, no evidence for infectious factors associated with elevated level of anti-Hsp70 was found, and the elevated levels of anti-Hsp70 in workers exposed to high occupational noise appeared to be induced by abnormal stress from noise in the workplace (Yang et al 2004) . One possible explanation is that occupational noise can trigger the synthesis of these Hsps (Lim et al 1993; Welch 1993) . It is possible that as a result of the degradation of induced Hsps, peptides may be released from damaged cells and become targets of humoral and T cell-mediated immune response, ie, directed toward such Hsp-derived peptides. Findings from several studies support this hypothesis of an immune response to Hsps in chronic diseases, in which there was evidence for immunologic recognition of cross-reaction and autoimmunity (Pockley 2002) . Our previous studies indicated that the health of workers with long-time occupational noise exposure at a lower level was also affected (Wu et al 2001; Yang et al 2004) . Therefore, the level of antiHsp70 may be a biomarker of abnormally experienced stresses in the workers exposed to occupational noise at lower levels but for a long period of time.
ECG abnormality is either a clinical characteristic of cardiovascular disease or a sign of early stage of cardiac function abnormality because the electrocardiogram has been widely applied as a basic cardiologic test for the patients with suspected or known heart disease and as a screening test for those with other conditions, such as coronary artery disease, cardiomyopathies, and left ventricular hypertrophy (Chen 1998; Zhang 1998; Sgarbossa et al 2001) . Our findings showed that the presence of antiHsp70 and anti-Hsp60 was associated with ECG abnormalities; specifically, chronic myocardial ischemia and conductive abnormality were more likely to be associated with anti-Hsp70, whereas sinus arrhythmia, chronic myocardial ischemia, and ectopic rhythm were more likely associated with anti-Hsp60, which suggests that there might be an etiological link between the presence of either anti-Hsp70 or anti-Hsp60 and ECG abnormalities.
The clinical use of anti-Hsp70 antibody measurements in cardiovascular and cerebral diseases remains controversial. Some investigations (Portig et al 1997) have not found an association of anti-Hsp70 with cardiovascular diseases, whereas others have reported that their presence was correlated with an improved clinical outcome (Vogt et al 2004) . However, others showed that Hsp60, Hsp70, anti-Hsp60, anti-Hsp65, and anti-Hsp70 were detectable in healthy individuals aged from 20 to 96 years and also showed a progressive decline in Hsp60 and Hsp70 levels and a trend of increase in Hsp70 antibody levels with age (Rea et al 2001) . A significant correlation between anti-Hsp70 antibody and different vascular diseases has been reported in vascular patients, such as lower limb claudicants, lower-limb critical ischemia, and abdominal aortic aneurysms (Chan et al 1999) , suggesting that Hsp70 and anti-Hsp70 might be involved in the pathogenesis and propagation of atherosclerosis. Other reports suggested that humoral immunity to Hsp70 was common in patients (in the first 48 hours after stroke onset) with ischemic stroke that was mainly caused by the development of vascular lesions and that elevated levels of anti-Hsp70 antibody could be triggering factors for stroke (Gromadzka et al 2001) . Recently, Jin et al (2004) found that anti-Hsp70 antibody in patients (in the first 24 hours after stroke onset) with cerebral infarction was significantly higher than in controls, and this antibody decreased, even disappeared, during the recovery for 30 days.
Environmental stresses induce syntheses of Hsps, which work as molecular chaperones, facilitating the synthesis, folding, assembly, and intracellular transport of many functional proteins (Hightower 1991; Morimoto et al 1994; Hartl 1996 ). Hsp70's cytoprotection was extensively observed in the hearts and brains of animals. Thus, Hsp70 protects heart from myocardial ischemic injury in heat shocked, transgenic animals and humans (Currie et al 1993; Marber et al 1995; Radford et al 1996; Plumier et al 1997; Rajdev et al 2000; Jin et al 2004) . Interestingly, the presence of an antibody against Hsp70 contributes to autoimmunity through cross-reactivity between Hsps and tissue-specific proteins containing a similar epitope motif because of the high degree of amino acid sequence homology among Hsps of different species. Our findings suggest that antibodies against Hsp70 and Hsp60 might be involved in the pathogenesis or prognosis of cardiovascular diseases (or both). However, this hypothesis needs to be further confirmed in the follow-up study of the workers who had ECG abnormality and a history of exposure to CNE. In summary, this study is the first to demonstrate associations between antibodies against human Hsp70 and Hsp60 and ECG abnormalities in autoworkers with an occupational noise exposure history. Thus, elevated levels of anti-Hsp70 and anti-Hsp60 were associated with ECG abnormality in workers exposed to high noise for a long time in their workplace, which may have an effect on their cardiac health; high noise levels may lead to increased plasma anti-Hsp70 and anti-Hsp60, which were associated with increased risk of ECG abnormality, particularly for anti-Hsp70. Therefore, the presence of enhanced antiHsp70 and Hsp60 may be a potential marker for susceptibility to cardiovascular disease associated with exposure to occupational noise. These findings are consistent with the notion that autoimmunity plays a role in the damage effect induced by occupational noise. However, the underlying molecular mechanisms for the association between noise, enhanced levels of Hsp70 and Hsp60, and ECG abnormalities among the exposed workers remain to be further investigated in larger studies.
